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[ft sra 3 ] ^mmmm-^y^v 

msmmmv'~^^y-v :x.^mL'Xms:mm^o:>mm 

mm^mmmi:^ x^nb^tT-rcmm^iim'bt^^m 
t. 

So 



1 ~ 5 ov^-rn*^ 1 micimo^msMo 

m^immic^i.x^rL^nm^^mMmm^m-r^m 

xtim^K-^^^xmm^^mv'^^mm^txijm^ 

x&.mmmtmnmmt^m'(iKmi.^ ^mL<D&.m • 
gijt*j»-r s c t J; f} . m^mm. • ^uffiittt^Mffli-r 

i^snxh^^z: t^mmtt^. W5R:Kl~5^Dv^•rn 
^^m^mm-' 5 l xmmM^mytm^^±nE.com. 
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mm. ' im^^^mmt^mmMmiDmitm^mmn^ 

9 — 12 ©v^-rn*^ 1 micmmo:>§:m'&m. 30 
14] §MfH^©Mfl57=-^' a:(T, ^mm. 

mfS-^>:fvy^^§'it.. 40 
mmmmm-^ >-f v > ifm^ * t# ?. nrmm^T'- ^ 

5) ^w^-rssMjg^j^aiMiiMii^ 60 



cw5R:^i7] mmmmmtiK 
ffi^^jte3^i^*^6§«b=g-jgfto>t«^ici>jg-rsii- 

S«^t^«bTt#P>tlSiS^«©-^CDiiMM7^-:9 i: 

amm 2 0 ] ^mm^^mmmm^y :/ u > ^~ b t 
t ^mn-r set ^^^m t.t^. ^mm^<om^m&s 

Co 0 0 1] 

[0002] 
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0 0 a, ytmm&mz 0 0, ^fpmm Ct^t^:/) so 

0S.tf?tS{t^a4 0 0:&^&^T«^^nT*3!9. ^ 
yb^p.3t^fiSS4 0 0^ejg2n2.J;5ti:%oTv^So 

ilcDEl2 0 tfeV^Tx ^tf'SifgS 0 0f±. I'&b 

[0 00 3] ciir\ ±m(oytinM^ 5 00 1 MS 
1. 3/xm (■s'-i'^'n^— ^ 2 2 cf 

(SMF) >b^J;<fflv^p.nSo mM'»m^ t 
li. ^:7r-r^'5Sfr©M*l5^i5c (02 zipcomMs 0 0 

#M) -^Wjt mmm') mz zfpn-jipmmQ 0 
tL. mmmm*mts') ^m.(DctT^s,. 0*13. rm 20 

[0 0 0 4] ^T. Cir)^5lcmS:m^5 0 OICSUF 
tC<};<fflt/^P.nS7tgjK^« (1. 5 5/imW) t?Sfe 

&i>^micx:^m^^itt>mmicmt>rL^o m^ii. 2.5 

Gb/s If JK±©TS5S7t«-^^ S M F 

(a) mm) icMLx. mmyf\^<D7^mn&m^-s< 

*S (ffiJBA^:^^^) «^ 0212 1 (b) #F,i] ffl 

[1112 1 (c) #HSJ i:*^-fe5<, 
[0 0 0 5] cn^oym^Ht. ^B^iyX'rL.omY 

^© s M F ;&fflv\ feeM^m 1 . 5 5 m^-^-mm 

[0 0 0 6] c©i5^)gS^)-t!tl^:<t«Zgfl5*Mt: 



1. 5 5 /imWt5^:7hLfc^S^:7h:7r-YM (D s 

F : Dispersion-Shifted Fiber) (HI 2 ZfplZ^Ti&S. 

^Wmii. 7 0 o#M) ^T^eaiSS 5 0 0 tcfflv^s c 

X'ri:^ 1 0 0 fe#ft-rSo Lii'L^t^lb. DSF^Jlffl 

[0 0 0 7] M^M2 Off fcS^t-J; 

5 tc, 500 1 SMF, DSF ©V^-fn^ffi 

sfcL?.. ^«#©esia*A^^aigje]S5*t:&si:, 
^i.-DiidKmrn-stiTc^mnmyr-^^'^ (dcf :Di 

sperslon Compensation Fiber) 4 0 1 ^^^imSn4 0 
[0 0 0 8] 

[%B^5b^«?j*L<fc5i:-rSPSI b*^b**^P,s --fls 

2AwsT'#aT-riiflpa©^^bas ip^. ^^mm^ 

0 2 SM«^SStffi©^HttPS tbUr^Kt. L 

2 2#M) fci6. ±MLfcj;9^gi#©7te3li^XxA 

1 0 OTt*. 7t§Mf§4 0 2A'S|^gt?*SffiS^^t5[«© 

[0 0 0 9] C©fci6, ixXx A J; LT©fl»:tt5b^S: 

S©T\ v'X-rA«^Bf©nXh->f>S-'X-ri:.«^f^©fr 
ffl=iXhfeia<^So Sfc. lOGb/s-^4 0 

Gb/si:V''-3/fciSl«5t>fc«^ [MC. 2. 5Q!a/s(D^m^ 
^ 1 6jgS^fi (WDM : Wavelength Division Multip 
lex) m^h-t^h. 6 4}gg^S-^ 1 2 StffiS^S© 
<t^] ©eJMt.Jimtltn:S:oT^Tfe?). <10J:5ft 

(g^^:y:t-.;v) PEg|!i:?)n/4^ i/i 6 

i:V^oftM^t|^#t®<:&Sfci6. JtemsOO© 

[0 0 10] ^iDTz^. ±3Zli©c:'i:<^^tS(ffi«:7ri'^^ 
4 0 1 j; DS^Wt-?gSi)-fi*««LT)tSM#g4 0 

2©gM^fi#'(±^^#-rstc{i, i£^©wDMem 

lt©e«3l<b, ;^§«{b©j^*^e.*^TfePm/b^S'3. :|f 
^ijb^^^til^M^tlSo Sfc. (l©j:5lol0 Gb/s-^40 

ia»S*H©^^^Jg^mfcJ:S?Sm*<bfe3tSMt§4 0 

2 ©S^^ft#tt©^ft:MHJi bT«l-p#& < 
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Co 0 1 1] *fgBja, co^o^mmi^m^im^n 

Co 0 1 2] 

ffi{I#fSC»ffi«#tt^$fJ»f ^OT. ^J^l*\ §{t{t-^ 

< T . ^mmmcoimr^itmm^m^mizvz i 

2.<li:>b^-e#S (lt*^l, 1 6) o 
COO 1 3] CCT. ±fB©Sll?S?J^SiM¥®S, Sft 

(if5t^:«2) = 

CO 0 1 4] 2p>t, ±iB©#ffiBf Bg^v:^'; Vi^'gP 



CO 0 1 5] ^fe, ±f2€>i?->:/'J>i'^l'5>i^~^fiS4 
a<D*WSH/'>o <i£Dj;dtc-rti(±\ «*^'a^yi^oa 

;()'«-e^So sfc. (N) ^)-ja-rs^^JS§i*ffl<.>/c 

coo 1 63 ±f3<DSiJffli^®li:{i. :^<OJ;5*«- 

(1) ±IB©S«Jg€)Jfilj&»-r-^*^J6IB«-rs» 
*P?SJg7^-^tB««P 

(2) ±fB©SfafM$-r-^'*:7-yx^^LTS#« 

(3) ticoy-v x.^mucj^'om^nrcmmm'r-^ 
a? 

Co 0 1 7] ±tB«Mfl?^fb««#a*. ±fa<o 

ffiH<DtiS:^{k) («*^6) o 

40 Coo 1 8] cd-e. ±MicDmtmmmt. m^«\ j: 
IB® sjffi-^fcM L.r^tnt'nm^ s ffl3iffi^i«:&^-r s 

c to-p^si^ftiisgg^^a-rsc ±tB® 
mitmmm-c *M»*{M«^«ftm < si^st-s c t 

CO 0 1 9] fe*3. ±fB®S«a^*\ ^giSSS^&ML^ 

60 oifefi^i-istwtttr a ^mM^im^mm^co^^. 
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[0 0 2 0] ^IC. *%H^€)S«g« (li*«9) 

(1) mmmmo:>mm^^mvrcmM^mm9^ 
( 3 ) ±sa©^>!ggp-p^3^}fe^n/£^7tm^to a < 

^MWbTWDM^-^C^gJ^^ffc^ffiM-rS^T. WD 

Co 0 2 1] Sfc. jl-m-T^-^?cDM^i-*5f<:i6T^©^ 

< •m.=^~ Y'm.'¥im^'m%^is. if ^ j: o t^«^ 

10 Gb/s h«#) -^40 Gb/siiV^ofceiS 

±s m>m.^, 1 8) o 40 
[0 0 2 23 ci^t:\ m.m'mmm\%mm. ±iH 
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^6ie:ffi:*;-r5Ci::^'?-r?^5 (tt^aio) o 
Co 0 2 3] Sfc, ±tH©JgJg*{kffi«^IS{±. ±tH© 

Co 02 4] CCOXoK-fUlI. ■(a'SrorSStov^TW 
ffl^©®P§T?M«*^ff otitis ©-Z:\ 7t«^^t^©«« 

o%^T±lB©wr«^^ftffl«§l©^^•iit»tt;&^^g^sc« 

[0 0 2 5] ccD^victnii. zmmcDmm. m^. 
(WDMM-^) omm-^^o^'^^^^wmmmcj^ 

311 2) o 

CO 0 2 6] Sfc. _htB©^e?gff$*Mb1^W#iS«. ± 

iB®afi{t-^©?gj^x-^ (SM&ff^x-:^') ^iJ/£-r 

JiMScx-^ ii±IB©»-^M?g©JSMmx-:5' i:©M^i- 
CO 0 2 7] ±IB©gMSJi^<k^m#®liSM 
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m^<Dmm^imiiimm 4) t^r. ±m<D 

9) o 

[0 0 2 8] *|gBJi£Dafi«^©}SJ^ilJ^g« 

^ctt'^r'^:^ (ii5fc^2o) o 

[0 0 2 9] 

CA) -mmmmo:>m.m 
(A 1) »*moittia 

El 1 it^mm—mmmmj^i^s^y^^iw&mom^om 30 
*ffi«*^-r:?'a ^m-v. com 1 ica^f %sm«b 
ui. ^esiiKs o:&e3i«nT<s)tM^^s^LT 

iC.fcoTM-S^SnfcM-^T'— ^ (DATA) fc^a>y 

^7 (CLK) It^tL^'tLfi^^^Vm^MMcorcliXDim^ni w 
SgP 02O©?fF^4O3#Ri) tJ:tfi:^?n 

So *fc. ^tei^SS 3 0 S M F , D S F ©V-'Ttl 

[0 0 3 0] ^LT. *^5fim^©f£^Mfg4l±. 

El 1 t:g^-r ct a ^ 6 mitm^Mm 5 , ^ p -y 
(CLK) am^B. mm^i, mimmiim'E--$im 
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^mefm%{'c^mm\m\\L (ltd) Lfejb^sii«-r 
[0 0 3 1] *Slfifeig«8T<£ffl-rs r)iM^!|f 

s) fcohL. rjf?sir5=f-^j ^la, nmmmc^ 

5 a. <i;i7?l±. f!Jx.ra2£5^-rJ:'5li:^ S:«#^co 

^iiLT^n^'n#-rs?i^©^^>Hv^x7-i';i':5? (b 

PF) 5 12:, ctie.OBPF 5 lO^W:;^ CKMrn 

•^) fcov^T^n^n^ffi (pa© i^^tsb^s^ 

i:iMifIg§5 3^Dfi«^i:Atl#;^Tfc^v^o 
[0 0 3 2]-O^D. Ctl5.©^fflig5 2S.t;Jifaf§5 
3 0ffia, B P F 5 1 Offi::tlKOV^T'(ft^@P^i:f!l#P 

5 a. ^mm s 2 offiffi&tf ^tsiMgg 53 (t l < 

Bi^iiiS^) ofijt#:&i@^tc§r«i-rs;ifcT\ BP 
F 5 icommmm (ot. ^^-w^iUciifev^d) ^ 

[0 0 3 3] COJ;3tLT, JSliem#tt (SWBLtf^fit 

^ ^mitmmm 5 ifmmsn. mitmmm 5icji:^m& 

31t:;>C*<^-%-r5o BPF5 1 ±32©^ 

[0 0 3 4] c^n-y^ttmg§6ti, ±fHOS«« 

ti. #{t:iifi?^Jg*:::^|lI£S8 (^ao^i'JSgg 1 1) , 

mm 6 T-s^^nfc i^uy^ ictj^o n^fttgifsti 5 ©m 
® : Sftfi^©M?^SiJ^S«) 8 a. ^{kiiSfg 5 oa 

•3) ^?B!lS-rSf2:J6<DfeCD-?feSo 
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m^m) 9i±^ ^o:>mitmmmB'e^^m^s cur. 

l/'f—^^Y F T (Fast Fourier Transform : '7— 
[0 0 3 6] ^(DTc^. ±|BO^n^[HlgS8t±. io 

ic. ^mmi 1, ii^Mffliggi 2. i^^^:/^! 3. n- 
xi^-/^v^)\^ (A/D) 1 A.mmmm 

mi^=^^) 1 5^^:^^Tl#^^n. ffJfflJ[El^9t±. CP 
U (Central Processing Unit)fe^l'^^^D S P (Digital 
Signal Processor) f^^S^-^nfc yn*fe^y it 2 

1 , ^ffl^^U 2 2:^t>^T':>>^^;b/7:fn^^ 

(D/A) ^? 2 3^^:^^Tl#fig^tiTV^^o 

[0 0 3 7] l:CT\ •t:::i^lEliS8tC^V^T. 

x-cmmx^r^'^'M. (mm ^nv^ mxii. ioghz 20 
^^Mfflitii 2{±^ ^cDj^mmi 1 -e^^M^tifca^^^n 

^-f^V^O ^LT•t^>^7'^ 1 3^z:#t^L5^feOT\ 
^.(Oh^omW^?^ (M&{$d t±A/Dr3>7^— ^ 1 4 

[0 0 3 8] ^fc. -^^r/-^ (^y-^^r/UV^^^iUm) l 3 ao 

[0 0 3 9] -^^i^^ mmmBm:^'ev omv'-^m 

iSSB) ISti. COA/Dn^M— ^ 1 4T^A/D^3^ 

^ (F F T) '^n^-^^^mm^omm'f—^ 
[0 0 4 0] c(D^5-^mmc^^^r. ^mmmm^' 

"ev 1 sKmB^^n^^tK^^. ^i>T. iB^^nfc 50 
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[0 0 4 1 ] r:^^ ±moy7i^mm 1 1 , 1 

2, 1 SRO^A/Dnv/S^-^ 1 4:^)^e>^^gP 

[0 0 4 2] — $ii»(Hii^9ii:*iv^T. mMff—s^m 

^i6lH'ltLT*3< :/P-fe-;''9-2 U±. 

^mmmmz j; ^ TS«^-r 5 c a; t j: d ^mm^cDT 

F T LT»P.tlSS««^©^?Si!(x-^? h#F.§-r-^ 

ffl;><tU 2 2©#Sg7'-^?i:£S':5i/^T#;i}gStT'-^J 

{tmm^ 5 cDjgjsm^tt (^ffl^ 5 2 cD^)i®a. tie 
gi 5 3 of ^mmr?>mm^^-r s t © t-^ s » 

[0 0 4 3] OSD. C07'n-fe>y9-2 1 a. I^CJC'S 

(1) tr.:?fli]m8tcj;t>lf P.tl.fcS«?SJ^X— ^'^F 
F T LT^MjSJe7^~-^©Jl?S^x-^*5t<i6S F F T 
gp (:7-U:n^^g|5) 2 1 1 i:bTO^ti 

(2) C®FFTa52 1 UCJcDttBtlfcJlMSCx— ^ 

5^) OM^^M#K<ki3*fe5^«»^2 IZthT 

(3) COM^i-?ll»gP2 1 2K<};oT*J66nfc±fB<D 

m^^Z 1 3 LTO«tl 

(4) <l©ffl«#tt?*SgP2 1 3T'#6n/-ciiig^!ittt 

*fiSc-r5M'#fB^*fi!cgP2 1 4 i:LT©11tl&fe\ ±15 
© F F TgP 2 1 1 tM^i-^lffgP 2 1 2 tt. F F T hM^i" 

So ^LT. e:©M»#ia2 1 0 t'e—^m^s tT. 
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[0 0 4 4] mtc. D/Anrxy^— ^2 3t±^ -l/u^y 

■9-2 1 (fSfj«sM^^j«gi3 2 1 4) ■XT^f^-^tifcmitmrn 

^Mm^T-tt. M^«\ Sftft^*'!lOGb/s, NRZ (Mon R 
eturn to Zero) «#t?feofci:t"S i:. 1^ 4 t^t" J: 
•5*> lOGb/s, DinY:100%©:e")^jg?li::*'V h::t:7MSlSC7 

[0 0 4 5] Sfc, ±fao#Kg-T'— 2 21;: 

ttx r#Bgx— i:LT. F F TMStf F F TftOV^ 
■yrSfc&KF F T:&]l-r*eJMA^fe2>o OT. ijZBcDCTil 

CO 0 4 6] *-r. 7tejss§3 o*e3X^nT*fc3t« 20 
[0 0 4 7] n^-snrz.mmi^tiyi'i,t. msm?, t 

HISS 8 T-a. n >y ^ttfflfg 6 *^ e. comW'^ P >y 

[0 0 4 8] C(D^)-M^n>y^a. M^M'^^ 1 2 ICX 
t)-^tL (X'ryfS 2) . 31®MfflJg§l 2a. ^mi'ti 40 

V :»'cDmmmm^Mmhn:\^^mmm^) t ut a/d 

ay/'^—^t 1 4tcm*|-rs (Xx>y:/S 5) o 
[0 0 4 9] iJ-i/:/^ 1 3t?a, ^{biBfi^sottjA 
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ffl) ^■9->'7'';>^b :7.7-yfs 6 : -9- 
1 4 tm:^j-ra (X'T^yys 7) o 

[0 0 5 0] A/Da^^^^— ^? 1 4«. im$m#§l 2 
« [X-r-yT'SS. S9 ■.mM'f—^KmmM (JX±> 

[0 0 5 1] ^Ai^^ mmmmQ-^'i±. ig6t^-rj;5 

tr. :/D-fe^yiJ-2 it)\ S-r, JSff^fBSffl^tU 1 5tr 

mm-& nfc^-y- > :/ u > ^"^^ 5 > ojs st fig) -eo 

8#FI : XT--y:/S 1 0) o SP.tr, 7'n-b>y9-2 1 
(F F Tg|5 2 1 1) a. ^#LfeSMig?^x-:5'*F F 

^^srj=ff)iM fig^i-] ^*i6s (X7^>y:/s i 

1) o 

[0 0 5 2] 0IJ;tli\ ±M0C~i:<S«^Snfc^<MiS 
mtrnQ (d) t^-rJ:-5^Jgf^t?feofci:-rsi:. c 
00 9 (d) K^-rzajg^:/a-fe>y9-2 UCTF F T-r 
Si:. 09 (e) t^f id^feJitSfiK^iis 09 (f) 

■rna\ K9 (d) tc^-rj^A^a. 09 (e) ic^fs 

*iBg^h0 9 (f) ^^:^-r^il^^^^•i:^#LTV^a^D 
[0 0 5 3] ^LT. P^D-lr«y9-2 1 1 

2) a. ^oiat^LTtf 

tl.TV>5»^?fiJ^ [09 (a) ©affifiic^^ [09 

(b) mimmm^m [09 Cc) #Haj t^g, 

2, 01 i®XT-<y:/s 1 3 o 

[0 0 5 4] ^V^-P. yD-fe-y9-2 Ui, 0 1 1 Ic^^f 

4>Rt;«f51Mfiic:a-OMiE!!ftt mmi. 010 Ca) . 
010 (b) #fl] :&5l<i6 (ffi«#'l4^^jlS) . 

m^^'&^mimmm 5 a^-^o j; 5 ic^fbiiifi#§ 5 o;i 
i^imms z(DW^^, itifa^s 3© 



(10) 
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Co 0 5 5] ^LT. ±m(D^t<^m-i£Hrcmmm^ 

tlT. l^lJ^a'Igll 0 (c) —Ell 0 (e) iZT^t^d 

[0 0 5 6] Ell 0 (c) iimm^immmo:>^ 
mmm. mio (d) aiai o (c) izm-rmm^im 

010 (e) a|Hli;<Ell 

0(c) K^tm.m^imm.m'DSimm.mcommmi^^ 
s:<. fs^WE^ —mmm (Bmi. i-sst 

[00 5 7] Jw±o i 3 ^^mmmmcosmmm 1 1^: 

A (DCF) :&S^:Q;t/^Sffi-eiatttMS:3tSfigBl^ 
[0 0 5 8] Sfc. ^tgfifg4T-ff^T:-§^?^^e^>iStffi 30 

(Dmmt^su < ^2. CD -J?. 1 awoT^sMfg 4 1??!®®© 
i^r^yt^mmn 1 -pa. mm(Dsmm^(Dm.m^{tm^ 

Gbp/sJ^(±^DSift51^fi32^^^:*3V^T^afi^^b^ if ©m^jN 
Sr^l-W^H J; 13 ^g^Ml^ 3 0 ®?SS^iSC#tt!b^«{b L 

[0 0 5 9] L*^fe, :/P-fe>y9-2 1 (C^oVT, MjfeSSt 

fll^lf, ^mm^<D\£y h:r.^-U-h (B 
ER) ;&H^^It-Sili:fc<J;>>gMM^OiaK^^M 

* 5 5 =S:«^tcit LT, mitm^m 5 ®«»S:Ji?^^m 
Iftt^^aS/'cfeCX-l'-PWft*^^^:^©^. ftMja 
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[0 0 6 0] $fc. t-:5flB||g8t?tt, S««-^ (^ft; 
ffcS-^ ^ n ^^^Ugl 1 1 T^m L T. -^-d^^li ^ n 

^^^'^assMgii 2T'jf«fi^tc->7h (®^) 

[0 0 6 1] «^oT. ^««-^AnO Gb/sJJ(±<DffllaM 

5c:t:*WtMT'feSo #1;:. iigoiatc^Jf^ii ifc 
Jl®*J»g|l 2i:*fflt,^5c:i:T\ (N) ^^jf-T 

fccfe i3 ttmCtJf-t' 5 ■y^-^^yf'*) y99-<^ yif^m 

mtifcmimmv-yyv y^u 1 o^hijit^^o 
[0 0 6 2] (A 2 ) mimm.(om^mo^mm 

3b\ 0!l^{fBll 2}i:^-r<tafc, ±5lbfcS^?2 0 

m®i-Ri^?es^3'ft#tt*^-r5Rj^^^^ifeffl«g§5 a 
^^tt, ^o?^s5^-i!f#tt^{jfijffliiHis& 9 -h-^^um-r^ c 

[0 0 6 3] Rl^^^tStffi{t#i aXT, Rl^^J-iS! 

<, M^tfs IH]Sf«?^fflV^fc^>©, AWG (Arrayed 
Wave-Guide) 7 -< ;l/^'*fflV^fcfe©. ^'El^y-Y 
(^r-Y^^i^^-xi'^'^O ^fflV^fcfe©:S:ifA^M 

«i:-rSo STc. ^©lai 2tcfev^T, Kai©?9^i:iwi 

[0 0 6 4] ^:::i^f[51iiS8T?«?gJfJtB 
Sffla (H5tc^-rXT--y7°S 1~S9) , fiJWllll^g 

■eoM^^ttsmsi (El6ic^-rx7=--y:/s i o~s i 

2) *-^05!ia{±±MLf2:a*ffiMi;|Hl«tLTtf&tD 

^ja^n-y^^jg^j^bT-y-vT^v 1 3ic#ti^-rs-9- 
[0 0 6 5] ^bT. ^y-y'y 1 sti. ±ti-^yyvy 
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fts ffilJfflI|Hl^9tC*5V>T. yci-fe>y^t2 1 (FFTg|5 2 

^^tmmmm^t^Misb^. ^lt. bii st^^-rj; 

51^:^ l/xn^yV-Z I m^mm^Z 12) 5fti6/c 
^m.^tmM'r~^m:^'E:V 2 2 ^C^J6f3«^nTV^S 

3' ) o 

[0 0 6 6] -fxi^v^zi mvm'mcs.n 
2 13) a. M^j-oMiRit^DT^i-tstffiws^sm-r 

5o if-y M^— hybnoGb/sCDSMM-§-lJ:>i>fL 

14')., 

[0 0 6 7] -D^'O. :/n-fe-y-9-2 1 ^SMIzSS/jSc^^ 
7n€»Mfi}Sff$ 1212 1 (a) mm K 

fflA^'JEm^nrv^S : 02 1 (c) #F,a] eihA'sa^S 
t?S^^*^**oTV>S :ia2 1 (b) #M] cit;*^ 

«i^*nsoT. ^niciscfcwma (wiEfit) 30 

[0 0 6 8] mtf. ^^tStJ^Sl. S/tm^cDSMF 

)tejM^M 1 . 5 5 /i m^mei^^fT:* « 

[0 0 6 9] ^LT. 7'a-fe-y9-2 1 (SiJWt^^fefiScgP 4o 
2 1 4) «s ±}zE©c:'ii<5ltJ6P.nfc (?*^Lfc) 

«^^^BgU il©«lJtW«-^«, D/A3>7^-^2 3 

5' ) o cnicjcD, >feejiES3 o*>e.g«*ns^« 

feV^T, g)t«?2TcD7^«S^tu«>)tO®ltTffi«2 
CO 0 7 0] tieoT. ±i^bf£:S*ffi«®^S««S 1 60 
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{i^tf*5 0T\ §)tem?2lz:Xtl*tiS7^Mff$©Ti' 
bT. 3^S«§§4-??ifST*SSS^ttol5H=&^6 
A< 5 e. I^a±■r 5 c ^1 ^ 5 o 

Co 0 7 1] (B) WDM)tg32^->X7"A'^OjaM 

f!l) ©)tSfig§4 (jSJ^^fkffiflT^jS) ^SiStfflS© 
jg^S Al~An (na2JK±<D^S(-p. 

M^tS. n = 32, 64, 128, -ifeHT-^S) 

N/DteiMiyxxAoj^aMsatMffl-rs^^ c^iiM 

«1~4) t;:-ov^TBJil§-r^o JKT©#*mi1« 

l~4tr*5V^Tfe. ffijZlOtfF-^-hlWl— ©lf^^#-rfeO 
[0 0 7 2] (BD^fflfifeWl 

m 1 4 fi*fgBj3©iimiii 1 fc^s)t^©^M©sa5© 

1 Atis JteJMKS 0A'>P.©WDM#-^^?g?gA, i (fc 

/£L. i = l~n) «t5a^M-rSWDMA:/5 (^>fS 

gg) 3 1 i:. S)t«?2-r'©)tMSitM©rSftA 1 

mt^mm.oy^M^idmm.m sA-i-sA-nt. c 

np.©R]-^^i-«(ffi«§§5 A - i mzw<f^ntmw.(oft 

§fig|53 2 - 1-3 2-ni:. #MSA i StCjitJS'r^ 

prg:«^fmf§5 A - 1 oigs^wtt^ffl^Kfijffli-r 

[0 0 7 3] ^bT. ■^■mm.l-Vlt. COHl 4C 
^■r i 5 ^Tfe^fSgP 32-l~32-nO 5 'BOi!''' 
1 -3 m.SiX 1 (!|t^SgS) ffl©)t§{ig|3 3 2 

-1] ^i-;ii§§i 1. jiMWfiiggi 2, it>':/9i 

3, A/DnyM— 1 4, jga^lBflim^^U 1 5S.tf 
C P UXt*D S P*H®:/D-b-v9-2 1 a*^Bfig2)^ft; 

a J hU&fB-rS) *^^tt?.nTt5»3. «»3 03^«Mgl53 
2-2~3 2-ntCtt. COt^SMSPS 2- 1 
iilESS a;&|^<«^^« (§)t«?2, :/'JT>>^3. 
^ftifiUggS, ^'P>;'i'»mt§6&t>1iSiJ§§7) ©2**^ 
^tt?.^fc«fig{c:&oTl/^S (fcfcU S14tz:i3V->T 
^SM§P3 2-n©rtg|5©E3^tt#BSbrv^S) „ 
[0074] C^-t?, ±tB©*-^'|H]liS8 atfcV^T. 
:?°D-b-y9-2 1 a}±, M^tf. ig6lC<fc?)MKEbfcS« 

ig^ffj (r-r^^^-» (onmm (X7^-y7°s i o) . f 
FTSiw (x-r>v:/s 1 1) msmmmh(Dim ex 
■r^yT's 1 2) ©^Ma^fi^-rsfe^-efeSo 

:5f 1111^8 a ^C^5V-'T^ C©:/a-fe'v9- 2 1 a^ 
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[0 0 7 5] -yf. ^^^>^-ju^mmmmm^3 s 

:/D-b>y9-3 3 a, R AM^&Htct-^TWfiic^tl 

3 3 b. §ijffl]gi3 3 3 cRtf-i^SA 1 ^SKIStt P>tl 
fc^IiS[©•r:^^5r;l//7'■:^I3^■ (D/A) ^^3 3 

d-l~3 3 d-n:&^;S:^T^fi!c*tlT*5t». ?«*U 
3 3 bS. Mia©#BgT''— ^'ffl^fJ 2 2 illWHttC, F 

;l/3 3 1 (01 5#F.i) *i3'liLT*5< feO-t?^So 
[0076] CICT-. c:cD^^iSia{i7^-:/;i/3 3 1 

fig^n-So ctLti. 1112 2*^5) fc^'-*^^<t ate:. 
(SMF^DSF^H) , eaiSgil. ?gS^lltJ;oT 

v^Tx-:7;V)^^Ot'-^' i: LTfE'ltLT*5< J; 3 L 
[0 0 7 7] ^ll^lfBl 1 eic^f <i:5K, 

•a-tts SMF) T-sit/cMs^^i^^^ffiiKra m^5 30 

■effi«LS:*^&gM'rS%^. M«A I. A 2. A 3® 

It^MS ( A 2 ) ^Sip^i LTffiOMS A 1 , A 3 

CO 0 7 8] Sfc. <n©^)-iStffi«x-:/;V3 3 « 

3 3 bfc^Slfl•rsd;•5^^:l^Tfe<J;v^U iaibfc^t 

;&:/n-fe-y9-3 3 atcA:^3bT7'a-fe<y9-3 3 ?l\Z.%^ 4o 
ffl«T— :/;l'3 3 1 «{^fig2-t±T^-ty 3 3 bic^Slfls 

[0 0 7 9] ST. ^^IC. ±f207"a-fe';^-9-3 3 ati. 

T. ill 3tc.tDHuaibfcM^j-^m x-f-^y 

1 3' ) 1 ^^:■^v^TO^«^ffi^»«©MIE 

fit?*^ (X7^>y7°S 14') «fT=§:5 ^ilfet. 
iEtt*aic±fa©^i(««^-::^Vl/3 3 1 ^#KlLTffi 
?S^a A 2~AntC-OU^T©:$^«ScS««€> 

MiEtt^*J6. ^a^S A 1 ~ A n ^COV^TCMjEflt'ltffi so 



22 

-y-9-2 1 a©«tg«H•%?>A^^^:gE•a•LTfeJ:u^o 
[0 0 8 0] Sfc. MMI53 3 cfi. il©yn-b<y9-3 

M«A i lz:-QV^TO^^i(ffl««©ffiIEffi1ffgi'CS-3~V^ 
T. Br«ii-itM«gg5 A - i Jt«IE«^3-0^)-f!lffi«#tt 
:&fe;rcii:Sfc:i&©^^iStM«SiJ»M^ (CONTl-n : •r^S?^ 

d- ^n^n, ciDfiir^gP3 3 c A^?>©5i-mM« 

ffl<If§5 A - i te«^&-r«feOT255o 
[0 0 8 1] -oSt). 1 Ttt. :/a-fe-y9-2 

1 a t:/a-fe<y9-3 3 a tT\ HuaiLfcF F T^2 1 
1. a^M»«P2 1 2, M«#14^^«15 2 1 3S.rfMfflJ 

ft^^l3icgP2 1 4 i:LT©StM;^)t*ii$nT*3i9. SS 
±fa©^-:5'lHlES8 a i::/p-b-y9-3 3 a CJgW^ 
iS2 1 0 (F F Tg|52 1 xmSm^'^m-W^Z 1 2) ] i: 

[0 0 8 2] ^LT. ccom-^. -fn-ir.^y^2 1 aS.?^' 

^^^>'^;V^^fffifiJ«i|Him3 3{i. #^MS (CCD 

teA 1) c-ov>T«±fBM^'-fca-c5v>T^?g 
gA 1~A nt'OV>T©Mii-*5lcJ6. ^oM^^-/b^^4a^' 

ns/j^t :&s j; a ^Rrs)t5^tstMii§g 5 a - 1 oms^ 
[0 0 8 3] :5:fc\ ±feo^g=-¥ :y:?.;V5^-i![««ftiWiHi 

K3 3 ©am. ^::^3f[ilK8 a ili^LT. 3feS«gB 

3 2- Ucfe/c-yrTfe iV^o J->(±©<t'5^^Sfi!ctJ;(3. 

1 A A 1 ~ A n o 

%^ life (il<n?f±. A 1) ©^MWOV-'T©?*. a 

>^ieSSL (HS^XT-^yr/S 1~S 9#M) , F F T 
V^T. A 1 ~ A n ^i-O BrS^^i!(M«gg 5 A - 1 © 

'>^mmmm:mm\^T±mm a 1 ~ a n ©Mj^^Mt^ 
mta{i-rscfc*^-p#5 (ia6©x-r>y:/s 1 o~ 

S 1 2SLtfiai SOX-r-y'T'S 1 3' ~S 1 5' # 
M) c 

[0 0 8 4] tifoT. MKSLfcS*l^«©a?g#lJi:l^«S 

©fM&V^L?i)«*W6tl§a*\ Z.CDm^it. WDM 

mts<Dx\ J; 0 /jN^T'^ffi&)^^Ms« 1 A ^mm • m 

ffi-p^So *fc% ±IB©t-^[HlSg8 a{±. ^?]ffes jgiR 
A 1 J.m©&SA 2~A nffl©)tSfiSP3 2-2—3 2 

-n©v^-rn3bHz:t3:itTfe j;v>„ Sfc. 
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[0 0 8 5] ^/c. ±JzfiL/c:M'^t^. MIBO#Mt'-:57 
2 2 il. ^^i{M«"T— >^;V3 3 1 mm^^^ 

2^^::^^m^S aMK^Tc'^'Z. ^xi^v^Z 1 a 

[0 0 8 6] (B2) ^mi<i2 

)tei^^3 0:5^e>(?)WDM«-^:&Jg^SA i Stc^^rfi^T^ 
WDM:tf7''^ 3 1 ^> ^"^r^m^OrSSA i 20 

©^«tC^tt ^ tl/t«CO^§«gP 32-l~32-n 

[0 0 8 7] ^LT. *^fiSSI^2'^ti. ^^§{ig|l3 
2- 1— 3 2-niD5'^0 1 (^1^17?^^, 
MS A 1 ffl) ^07^§fiSP3 2 - UC. 1 1 , 

Mffll#gl2, ^^/y'^13, A/DH^/yS-^ 1 4, M 
ff^iaMfl3;?«*tU 1 5Rrf CPUXtiD S P^SrHcDT^n-fe 
^y1t2 1 b:6^e>^^#(t:miHfSff$^~:$?[Hl^8 b ax 30 

T. mc. r^^:^[mm8bj ^p&K-r^) i^^sstt^nr 

^!9C>^§figP3 2-2 — 3 2-n^Cii. cltD^ 

^fle[53 2-l£0^n:$fIlIgS8b^^<«^^* 
«-?2, T'UrVT^S, ^fbti^I^S, ^P^y^ttmtl 

(fcfcU 01 7Jc43V^T?>^SMgP3 2-n(DrtgPO 

[0 0 8 8] clclT\ ^0^^^?lllig8 btC^SV^T. y 
a'fe>y*9-2 1 bti. cliO^'a*^. El6tcj;DM 

10), F F Tr«* (X^^7:/S 1 1) S:tJFKm?^JB^ 
iDjrtSi (X7^^y:/S 1 2) CD^5!lii^ffl^*r^feOTS 
-CJ^D. (1CD«#^). ^n^lEll^B btC^Sl/^T. C 
C»7'n^^y^2 1 b;^Pt<g|55i^:6^WaiO^-^[Him 

[0 0 8 9] -73. ^^fta«§fJ®Ii]SS3 4t«, T'n-b 
■y9-3 4a, ;'i*U3 4b, fiJMPS 4 cSr/xS^^;b 
/T'r^ni^' (D/A) ^ 3 4 dA^K^JStiT^s 

^fffl^^rU 3 4 b{±, C©«-a-fe, FFT 60 



[0 0 9 0] Sfc. :/D-b>^-9-3 4 aa. 7'n-b^y-y-2 

m (x-r->y:/s 13') Rtfi^m^nfcS^^^g/ht-r 

-y:/S 1 4' ) ^tT:&311t^^#-rSfe©T-SS» % 
*5, CO^-a-fe. *:/n-fe-y9-3 4 a0eBgi::/D-b>y 
•9-2 1 b<75«ft|{±^^^63t)^^^:^bTfe<fcV^„ 
[0 0 9 1] SStC, fliiWgps 4 ca. :/P-b-y+}-3 4 

mm^ ^^)^-rsfe®-es»3s d/a 

a >'^^— 3 4 d tt. C 3 4c T-^S/jSc^nfc^o- 

tt, •/n-fe-;;lJ-2 1 hh^fu^^y^s 4 ai:T. WML 

fcmM^m?. 1 0 (F F Tgi52 1 1 , 1 
2) . mmmmk'^m2 1 3Rt;fi5!iffliM-^^m§i52 1 4 

1HIS§8 b i;7°a-b-y^t3 4 a [Sl»^@2 1 0 (FFT 
g|3 2 1 1 S.r>'M^^Ji#g|5 2 12)] hT. tuiaci§:MM 

[0 0 9 2] -^LT. CO^-a-. :/^■b>y^j-2 1 bS.tf 
^i!(««MfflllHlSS3 4tt. RlS»f(M«fg5 AcO&ft^j- 
«t#tt^#}gj@A 1~A ntcifcar— «f[i«i-rs-ffiM 

-hiHOi^i^MfiSfJWlilSSS 4^D«tg^^:■ov^Tfe. ^^5? 
IHISSS b i:M^LT. ^S©g|5 3 2 - Ucfefc 

[0 0 9 3] J-X±©«fi!cfc<j;f)> *)¥;S«S«1 Bt? 
tt, =S-rSgA 1~A nO^«^©'5^> 1& (CC-J? 
AO ©^«#lCOV^T©*i. »*«8«T?IMBgL/c 

OXT^^^/y^S 1~S 9#M) . F F TM»^MV^Ta* 

5 A 0^^t!l««#tt^f IJ» L T^jgS A 1 ~ A n £D 
jffif^^fk^-iSffl^-rs (06CDX5">y7'S 1 0~S 1 
2S.tfBll SOXT^^i'ys 13' ~S 1 5' #Bg) o 
[0 0 9 4] t^oT. MiELfcS:*:il1iRtf^©^ff^M 

0 1 4 Iti •3±KELfc)tS««K 1 AttitLT. Rr^^J- 

tSfffifiggS A;6^1^1??»5f. 5>t^««i(r#lH]SS3 
4e#:OM«fe&*tt©D/Ani/7^— ^3 4 d- i # 

)^MSH 1 B ^mm • So 
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[0 0 9 5] C ^-rVWXMA^ft'iM^ 

^^ luiawTt^MSS 1 A <fc t) fea«»ft«[H)±:&m3i 

ty<i i;*^T-#So (B 3) ^MffifilS H 1 8 tt*^H^© 

mm^'i^Moaj^^mimm 5 At. §mw d mm^* 
mmx imK^m.T^viDu:i}:f^ (.^mm) sit. 

^'mkomm x i mim^'f ?> nfc^iMo^^sitgis 32- 10 

1 ~3 2 - n i:. 55-iStffi«»lEl^3 5 t^^rj:^rm 

[0 0 9 6] -^-LTs *lims1i3Tii. ^^SMSPS 

2 - 1 ~3 2 - n ©^n^'tl{i:> H 1 iCg^ft— 5^1111^ 
8 C^^Mi^l 1, jl^Wggl 2. -y-yt/^l 3, A/ 
DnV7<C— 1 4. Mff^ie^ffl^tU 1 5S.y-"CPUX 
aD S PS:HcD:/p-b-y-9-2 1) iis fffiJffl]iaSS9 [:/n 

•b-y9-2 1 (F F TgP2 1 1 , m^mm^'^z 1 2, a« 
#tt^^a5 2 1 3. pmmn^mssiz 14). 

^?ffl;?<tU2 2, D/A3V/^— ^? 2 3] ttmi'f'bn 20 
TV>S (fcfc L, 0 1 8 li:*5V^T3¥:S«gi5 3 2-201^ 

[0 0 9 7] -73. ^^MffiM^lElSSS 5 CPU 
XSD S P^i:lCj;D«fiSc*tlfc:yn-fe-yy-3 5 a. ftij 
5 cR.Zf'fi^'^iVyTi-ti-^ (D/A) Hi'/^— 
^3 5 dJb'i^^^&nTfe?), :/D-b>y9-3 5 afi, # 
7t^Mg|53 2- 1 —3 2-n©'5-BMS2g=-V>^>.;l'^'- 

(MMXl, Xnm) ©7t§MgP3 2-1, 3 2-nO 
#MfflI|lim9K43tJS#P^D-fe^y9-2 l-??*i66nftS 

[0 0 9 8] Cd-J?. C(DM-^. yn^yV-s 5 ali. 

mtsom-M XI, xn ^^-^v^T^D^n*'noM^^*^^f e 
n^(Dx\ msi^mm^(f^m^^^miiiT^cttf'-^m 

[0 0 9 9] MPSP3 5cti, c<o:/P-f2-y9- 

^fig-rSfeO-eSDs D/A3>'/^— :?3 5 dt±. C<D 

So 

[0 10 0] osD. *7ts«s«i cit. mm<D^m m 
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«^«&f^m^W««i: LT«l|-rs*-^0SS8& 
tf:/n-fe-y9-2 1 (M»#®2 1 0) jb^^ftA. 1~A 

ntt;^r^^te.tiSi:fcfelc. WDM;?j'/-53 1 ©tulSt 
^^J5.tlfcnIS^d-tSC««#l5 Ai:. WDM*:/^3 1 "Z? 

O^f bigipags 5 t T% §MW D Mft-^ fdcm^it 

[0 10 1] ^LT. «-Mffl!|HlSS9A\ ^n^'tls M^S 

fcb. ^^«5cM«M»lHlSg3 Si>\ m'm.^X 1. A ntc 

•o^^T©±iaM^^i:a•i?v^T^r^^l!tW«Sg5 A ©MS 

^^t5C#tt«:#)8^S A 1 ~ A n fcitJlT—JgW^-T 

mm^QRris sich-dx. mm03itmm^mti.ro:> 
±15 Ria^^stffimgg 5 A Rr^^fktiifsgi 5 

[0 10 2] sfe. ^msmmmm^s sositgfi. m 

'#lHlg&9 0StgtM-&LT. 7tS:fig|5 3 2 - 1X^3 2 
- 2 fc-yr;S ^ t fe So J-X±0 j; 5 :&«fi5ct j; 

IC. l~An(D^«^tC-OV^T. ^n^nt^ 

5? HIS 8 ^^tcj; t)^{tiii|i§m*<D 

(g5©X7^<>:7'S 1~S9#M) ^ FFT:&fflV^T» 

mmm(Dmmmy'-ii tcDm^^ikii>. "tcDm^icmrs 
iss A 1 ~ A n (DmB^it^m^ Kwm-r^s, cm e 

■ry-fS 1 0~S 1 2S.tfia7<DX-r>y7'S 1 3~S 1 

5#BI) o 

[0 10 3] mtc. cntti^K. ^mmmwrnrnms 

ft A 1 ~ A n (DytrnmcMLT-^^mmmii^yt^m^ 
5 A i 19 ^^mrji^mmim^^ \ > t.^b-ST- 
5 <fe s®^w^^^i!tffi«^=fT^ 5 2 fmoymmmmn 

KS:m'm^^it^^m-r ^ct nrtit? s s » 
[0 1 0 4] $fc. ccom-^ii. ^^ffs^ji^mmmf 
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[0 10 5] ilHO^iJ-ea. ^^ISS«»|g]g&3 

m CrcTiL. K^-rS2i^Sj;f3fe&S<<Iitifc2^ 10 

[0 10 6] Rr^^^iS(ffi{i#g5 A«5^^ii(# 
o^no^m^iat. mmmmz mi imm com-^t. 

mm\^s lMSfcov^TOM^^«rSlc^]-l(lfil«€)tiiE 20 

[0 10 7] (B 4) mmmuA 

«)S;^^-r 7"n y ^ mT\ j: ©0 1 9 i^:^-r 
1D«. ?Sfi^3^iSt!^tt*^-EI^©7fe^^iStM«§g a:^T> ¥ 
K r^J-ftW«g§j i:v^5) 5Bh. §«WDM«-^^M 
SA i«tc^^iS-r?.WDMA:/^ (^^ifegg) 3 1 5^- 30 

MttoMftA I mzWL»<^ntcmwL(oft^mu3 2-1 

~3 2-n J:^^:^:^. cn&07tSM^3 2- 

^n^n. 01 t^-r^--^iggS8 c^jiggi 1, mm 

W«12, •9->7'5 13. A/Dn^y^-^? 1 4, M 
J^ffigffl^t'J 1 5S.t;c PUXSD S P^i;«y"n-b 
<y9-2 1) tM»[eII^9 (:/a-fe>y9-2 1, #887=^-5? 
ffl;><tU 2 2S:t;D/An>7^— 2 3) i:^^:Q:;^T 
«fiS(;^nTV^S (TcTc}^. com 1 9K*3V''T-t^^'(iI 
1^8, JtSMgPS 2-2-3 2-n(Dl^g|5«fi!c©|Sl^a 

[0 10 8]OSD. dOHl gic^fTt^MSMi D 

a. Hur^-r^gMSiti^wDMft^ojs^M^sa 

1 (M*#®2 1 0) *\ MgA iftle: 
sgltSnSfctfelc. ±fHO^i#tMm5Bi:, WDM 

A:/5 3 i-e^^ig*nfc#7tfi^;&S7t*?2T7t«S 
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[0 10 9] ^LT. #M»|H]SS9A\ Mm-^^m.W^ 

[0 110] ix±o:>^5r£mm^^>:). ^^smmmi 
{fgps 2- i fc*5^/^T. ^n^e^. M^mmicxmmi^ 

[0 111] l/^oT. COif-a-fe. S*SS«tTtua!L 

i^Tzimmmm. 3 j^msioaEtjit j: d . ^ib±iifi#g 5 
^•rs^figis 2-^iiiffif§5 3S:HtCig.si:-?ns<iiffl 

tt^ ±fHco^^tS:M«#§ 5 B li^lc LT <fc v\ 

[0112] (c) ^(om 

[0 1 1 3] fifoT. eMt-Ki^mt<t5M]fl^$^ftti: 
tM-^S!3, *fc. W^^^i!{ffi«^5 A^5 A- i ©{^ct^ 

^^i!t««g§5A (5A-i) tn^mm^-Y^mmm 

i.(Ot {gM*- F ^^iM© feci: T-itaftT ^ S OT\ 

[0 114] sfc, ±5ELfciisfim^T-a. v^-rnt. 

^ifg-rsgp^^ [^-^'iHjESs (8 a. 8 b) ] mm 
M^^stt 3 ssBT'fetKf Hto <fc a ^mm-s 
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Co 1 1 5] jMi^TcmtmrnT'it. ^mmmT" 

[0 116] (D) itm 

[0 117] ({^12 2) ms:mmmw\M^mi)\ 

iwm^^mmmm-^:y-fv >'^^~LTm§MM•^^^■^v^T 20 
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ABSTRACT 



In a receiving apparatus, there are included a compensation 
characteristic variable type waveform degradation compen- 
sating unit capable of compensating for waveform degrada- 
tion of a received signal stemming from a transmission line, 
a received waveform measuring unit for measuring wave- 
form data on the received signal (which will be referred to 
hereinafter as "received waveform data), and a control unit 
for controlling a compensation characteristic of the wave- 
form degradation compensating unit to minimize a differ- 
ence between frequency data on the received signal, 
obtained by converting the received waveform data acquired 
by the received waveform measuring unit into a frequency 
domain, and frequency data on a reference waveform free 
from waveform degradation. With this configuration, certain 
compensation for the waveform degradation of the received 
signal stemming from chromatic dispersion or the like 
becomes feasible without using a dispersion compensation 
fiber, 

76 Claims, 21 Drawing Slieets 
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